many lowland plant species, e.g. hornbeam, found their way into the mountains (ZARZYCKI 1963) .
Brown soils prevail in the Bieszczady Mountains. They occupy 85-90% of the area of the Bieszczady Mountains National Park. Acid brown soils are little more abundant than typical and leached brown soils (SKIBA et al. 1998) .
The Bieszczady Mountains National Park and its surroundings lie in a moderately cold climatic zone (Table 1). The average annual air temperature ranges from +4°C to +6°C there. Parts of the Park's surroundings situated at the lowest elevation lie in a moderately warm climatic zone with the average annual air temperature from +6°C to +8°C. The cold climatic zone is characterized by the average air temperature from +3°C to +4°C (NOWOSAD 1995) . The average total annual precipitation ranges from about 900 mm (moderately warm zone) to 1,200-1,300 mm (cold zone). The growing season lasts for 200-214 days in the moderately cold zone, and 181-192 days in the cold zone. The minimum absolute temperature drops to -37°C while the maximum reaches about +32°C ( Table 2) .
The Bieszczady Mountains are characterized, among other things, by the absence of forest cover in their highest parts and of the layer of the upper mountain forests. The upper limit of the lower mountain forests, composed of crooked beech and sycamore maple trees, runs at the elevation of 1, 050-1,200 (l,260) m, and at present it is the upper forest limit. Above it there is a layer of mountain meadows (poloninas) with groups of Alnus viridis and Sorbus aucuparia. The present upper tree line has undoubtedly been lowered at many places by the activities of man, and therefore it is of economic character. It is supposed that originally there was a narrow belt of spruce forest at least at some places, and the difference in elevation between its lower and upper limits was 50 m at the most.
This spruce belt was destroyed by man. The tops of the highest mountains, especially steep and rocky ones, have always been devoid of forest cover (ZARZYCKI 1963) .
Among the 10 natural forest associations distinguished in the Bieszczady Mountains National Park (MICHA-LIK, SZARY 1997) large complexes of old stands, beech, beech-sycamore maple, beech-fir (Dentario glandulosae-Fagetum and Luzulo nemorosae-Fagetum typicum), beech-sycamore maple and sycamore maplebeech (e.g. Aceri-Fagetum), are of a particular biological value. Natural spruce-fi r (Abieti-Piceetum montanum) and hornbeam-lime (Tilio-Carpinetum) forests are very rare. The forests where beech is a dominant species cover an area of 17,722.11 ha, i.e. 79.3% of the total forest area of the Bieszczady Mountains National Park. The twospecies stands: beech-fi r, beech-sycamore maple, and beech-spruce are also characterized by a considerable proportion of beech, and they cover 2.3% of the forest area of the Park. The remaining stands (18.4%) have no or very little beech (PRZYBYLSKA, KUCHARZYK 1999) . About 14% of the Park's forest area is covered by secondary forest communities composed of spruce, stands of mixed species composition, and also alder forests (Alnus incana) as a result of spontaneous succession of this species on abandoned farm land (PRZYBYLSKA, KUCHARZYK 1999) .
Due to the unique natural qualities of this fragment of the Eastern Carpathians, the only one in Poland, and the need of its protection the Bieszczady Mountains National Park, 5,587 ha in size, was declared in 1973. This Park has gradually been enlarged to reach the area of 27,834 ha in 1996, and it is presently the largest mountain national park in Poland. As a biosphere reserve it has become an internationally important area in the program of nature conservation in the Eastern Carpathians. The fi rst detailed investigations in the Western Bieszczady Mountains were carried out in the 1950s and 1960s, including fl oristic (JASIEWICZ 1965) , phytosociological and soil investigations (ADAMCZYK, ZARZYCKI 1963; ZARZYCKI 1963) . The latter publications contain the characteristics of forest stands. Recently, comparative phytosociological (MICHALIK, SZARY 1997) and soil (SKIBA et al. 1998 ) studies were conducted there. The investigations concerning the Carpathian forests of primeval character, initiated in 1980 by the Department of Silviculture, Agricultural University of Cracow, also included the Bieszczady Mountains in 1988. In spite of the continuous exploitation of different intensity since the 14 th century, the stands in this part of the Carpathians preserved their primeval character in some inaccessible areas. At the present time such forests cover 7.6% of the forest area of the Park, i.e. 1,703 ha (PRZYBYLSKA, KU-CHARZYK 1999).
The name "forests or stands of primeval character" indicates the forest complexes where men did not interfere directly (the stands were not exploited, or single trees, usually the biggest ones, were felled) but where changes could take place due to air pollution, road construction, etc.
A series of three permanent sample plots was established in the Bieszczady Mountains National Park in 1988. They were selected because the characteristics of their structure corresponded to the developmental stages of primeval forest. Control measurements were carried out on these plots in 1998. The objectives of this study were to determine the changes in some stand characteristics (stand volume, d 1.3 distribution, vertical structure) that took place during the 10-year period, and to get information on the dynamics of stands representing different developmental stages of beech forests of primeval character in the Eastern Carpathians. The analysis of the recruitment, loss, and increment was presented in another publication.
METHODS
On each sample plot the trees were permanently numbered, and also the places of d 1.3 measurement were marked on the bark. To get information on the structure of stands measurements were carried out in 1988 and in 1998 again using the same methods. The d 1. 3 and height measurements included all trees (6 cm d 1.3 and above). Moreover, the measurement of dead trees (lying and standing -whole and broken ones) was carried out.
Each living tree was classifi ed to one of the development classes of trees (ŘEHÁK 1964) and to a layer of the stand according to IUFRO classifi cation (LEIBUNDGUT 1966) . On each plot the timber lying on the ground was measured taking into consideration the degree of its decomposition, and transect plots were established of the following dimensions: Jawornik I -10 m × 66 m, Jawornik II -10 m × 70 m, and Tworylczyk -10 m × 62 m, in order to study the stand structure and to describe regeneration. The work conducted on each transect plot included:
-measurement of the situation of all living trees, and also standing and lying dead trees using the method of rectangular offsets; the crown projection of living trees was measured, -determination of regeneration numbers with division into young natural reproduction (up to 0.5 m in height) and upgrowth (above 0.5 in height and d 1.3 up to 5.9 cm). In order to determine the numbers of the young natural reproduction a belt 2 m wide running along the longer side of the transect plot was used while the upgrowth was counted on the entire transect plot.
On the basis of the characteristics of stand structure and criteria assumed by KORPEL' (l982, 1995) the developmental stages and phases of primeval forest were determined. Using the data acquired during measurements of trees above 8 cm in d 1.3 (trees 6 -7.9 cm in d 1.3 were considered to be overgrown upgrowth), the characteristic parameters of the d 1.3 and height distributions were computed. Among other things, they enabled to determine the type of Pearson's distribution (ZIELIŃSKI 1972) . The statistical and volume computations (using GRUNDNER-SCHWAPPACH tables [1952] ) were carried out according to "Zasoby" original computer program. It should be mentioned that Michajlov's equation was used for the tree height curve fi tting (KORF et al. 1972 ).
CHARACTERISTICS OF STUDY AREAS
A complex of stands put under strict protection where sample plots Jawornik I and II are situated is located in the Suche Rzeki Protection Area. It includes compartments 97 to 101, 197 ha in total area, situated below the Wetlina mountain grassland. The optimal stage in the ageing phase dominates in these stands, primeval in character, and composed of beech with an admixture of single fi r and sycamore maple trees while smaller areas are occupied by the growing up stage in one-storey or many storeyed phases, and still smaller ones by the break-up stage associated with the regeneration phase. The upgrowth and young natural regeneration of beech occur singly or in groups. The age of trees in the lower storey is about 50-60 years while in the upper storey 140-160 years, and single specimens of beech are 180-200 years old, and of fi r over 200 years. In compartment 99a where sample plots Jawornik I and II are situated, the average stand volume is 270 m 3 /ha (data from the statistical-mathematical inventory) (Protection Plan… 1996) .
The Tworylczyk plot is also located in the Suche Rzeki Protection Area, namely in the "Puszcza Bieszczadzka nad Sanem" Reserve, which occupies an area of 498.78 ha and is under strict protection. The stands (compartments 148-152 and 145-157) adjacent to compartment 151a, 315 ha in size, form a mosaic of all developmental stages of primeval forest, with predominance of the optimal stage in the ageing phase. The average age of the stand forming the upper storey is 160-170 years, but the oldest beech trees are 200 years of age. The growing up and optimal stages dominate in compartment 151a. Beech trees reach the age of 60-70 years in the lower storey, 100-110 years in the middle storey, and 150-160 years in the upper storey. The stand volume is 381 m 3 /ha (data from the statistical-mathematical inventory) (Protection Plan… 1996) . Two study plots (Jawornik I and Jawornik II) are situated in stands of a moist subassociation of the Carpathian beech forest with Lunaria rediviva (Dentario glandulosae-Fagetum lunarietosum), and the third plot (Tworylczyk) in the association of a fertile beech forest (Dentario glandulosae-Fagetum) ( Table 3 ). This forest association, distinguished in the Eu-Fagion suballiance, has three characteristic species: Dentaria glandulosa, Symphytum cordatum, and Polystichum braunii.
From a geographical point of view the beech forests of the Bieszczady Mountains are included in the East Carpathian variety with some species of the East Carpathian character, e.g. Aposeris foetida and Festuca drymeja (MICHALIK, SZARY 1997) . Typical brown soils which developed in the area under investigation (SKIBA et al. 1998) created the most favourable conditions for the growth of beech which reaches stand quality class I-II according to the Schwappach's tables .
RESULTS

STAND VOLUME, NUMBER OF TREES, BASAL AREA AT BREAST HEIGHT AND SPECIES COMPOSITION
Jawornik I
During the 10-year period the stand volume increased from 547 m 3 /ha to 578 m 3 /ha (Table 4 ). The total number of trees (d 1.3 ≥ 8 cm) increased slightly (from 183 to 189 trees/ha) similarly like the stand basal area (from 31.56 m 2 /ha to 32.96 m 2 /ha). During the period of investigations the species composition determined on the basis of volume did not basically change since the beech proportion increased from about 82% to 84%, and that of fi r decreased from 18% to 16% (Table 4) .
Jawornik II
During the period of investigations the stand volume decreased from 631.5 m 3 /ha to 600 m 3 /ha while the total of storeyed structure with of ageing of storeyed structure to KORPEĽ (1995) ageing symptoms in upper storey and regeneration /ha. The species composition by volume remained the same. This is a beech stand with sporadic proportion of fi r (Table 4) .
Tworylczyk
During the 10-year period of investigations the stand volume did not change very much, decreasing by about 1.5 m (Table 4 ). The percentage of beech volume decreased while that of fi r increased by 0.4% (Table 4) .
In all study areas the maximum d 1.3 of beech reached 100 cm and more (Table 5) . Mean d 1.3 values slightly changed during the study period. However, the maximum beech d 1.3 increased on two plots (Jawornik I and II) while in Tworylczyk it decreased due to the death of the biggest beech tree. It should be mentioned that fi r tree 117.5 cm in d 1.3 (Jawornik I) was the biggest tree in the investigated areas.
Jawornik I
The d 1.3 differentiation of beech, and all tree species together, expressed by the coeffi cient of variation, increased (Table 5) . D 1.3 distribution curves did not change during the 10-year period retaining I(J) type of Pearson's distribution (unimodal distribution with weakly marked mode in the lowest diameter classes) found in 1988 (Table 5 , Fig. 2 ).
Jawornik II
The beech d 1.3 differentiation expressed by the coefficient of variation increased during the controlled period. Fig. 2 ).
CHARACTERISTICS OF HEIGHT DISTRIBUTION AND STOREYED STRUCTURE OF STAND
Jawornik I
In the period of investigations the beech and fi r retained their maximum height, 40 and 41 m respectively (Table 6 ), but the height differentiation of beech as well as all the tree species together increased. The type of beech height distribution did not change while the height distribution of all tree species together changed from I(J) type (basically a transition type between the unimodal I(J) and bimodal I(U) types) to I(U) (Table 6, Fig. 3) .
Trees from the highest layer (100) prevailed (54.1%) in this area in 1988. The proportions of trees in the middle and lower layers were 27.9% and 18%, respectively. During the 10-year period the proportion of trees in the upper layer decreased to 46% while that in the middle and lower layers increased to 30.2% and 23.8%, respectively (Table 7) . The characteristics presented above document a manystoreyed structure of this stand (cf. Fig. 4 ).
Jawornik II
During the l0-year period the maximum heights of beech did not change very much (Table 6) , however the height differentiation distinctly changed, which is indicated by an increased value of the coeffi cient of variation. In 1988 the height distribution did not fi t to the types of Pearson's distribution. During 10 years a bimodal type of height distribution (Pearson's I(U) type) developed. This is connected with considerable mortality of trees in the height class of 39 m (Fig. 3) . Furthermore, the number of trees in the height class of 7 m considerably increased.
In this stand in 1988 the upper layer dominated including 76.2% of the total number of trees. In the middle and lower layers this percentage was 10% and 13.8%, respectively (Table 7 ). In 1998 the proportion of trees in the upper layer decreased to 69.6%, and in the middle layer to 7.6%, while in the lower layer it increased to 22.8% (Table 7) . This characteristic indicates a tendency towards the formation of two-storeyed stand (cf. Fig. 5 ).
Tworylczyk
During 1988-1998 the height of the highest beech trees did not change while that of fi r increased from 38 m to 39 m (Table 6 ). The differentiation of heights also increased, which is indicated by an increase in the value of coeffi cients of variation. The height distribution type retained its character of a bimodal curve -I(U) Pearson's type (Table 6 , Fig. 3) .
At the beginning of the control period the trees of the upper storey accounted for the highest proportion (45.9%) while this percentage in the middle and lower storeys was 32.6% and 21.5%, respectively (Table 7 ). In 1998 the proportion of trees slightly decreased to 42.4% in the upper storey and to 26.4% in the middle storey while it increased to 31.2% in the lower storey (Table 7) . During the 10-year period, the storeyed structure was retained, with tendency to increase the percentage of trees in the lower storey (Table 7 , Fig. 6 ).
VOLUME OF TREES LYING ON THE GROUND AND DEAD STANDING TREES
The volume of dead trees lying on the ground increased in all study areas. The greatest volume was present in (Table 8 ). In Jawornik I stand the volume of dead fi rs lying on the ground was particularly high. In 1988 the fi r proportion in the species composition of the stand was 18.2% while its proportion in the composition of timber lying on the ground was over 45% (Tables 4 and 8 ). In 1998 the percentage of fi r on the ground was much lower (9.6%), but this was probably due to the fact that wood of some fi rs was so decomposed that it was diffi cult to identify the species (Table 8) .
In 1998 the ratio of the volume of lying trees to the stand volume ranged from almost 15% (Tworylczyk) to 39% (Jawornik I) ( Table 8) .
The volume of dead standing trees decreased during the control period (Table 9 ); in Jawornik I from 101 m (Table 9 ). The total volume of standing and lying dead trees ranged from 74 m 3 /ha (Jawornik II) to 307 m 3 /ha (Jawornik I) in 1988. The ratio of dead tree volume to stand volume ranged from 12% to 56% (Table 10 ).
In 1998 the total volume of both categories of dead trees increased on Jawornik II and Tworylczyk sample plots while in Jawornik I it decreased. Therefore, the proportion of dead tree volume in the stand volume increased to almost 24% and 19%, respectively, in Jawornik II and Tworylczyk, and decreased to 50% in Jawornik I (Table 10) .
REGENERATION
Jawornik I
During the 10-year period the numbers of the younger natural reproduction (up to 20 cm in height) of fi r increased by almost 5 times (from 1,045 to 5,150 seedlings/ha) while those of beech by more 16 times (from 545 to almost 8,940 seedlings/ha) (Table 11 ). In the older natural reproduction (21-50 cm in height) there was a relatively high number of beeches in 1998 (almost 3,900 seedlings/ha) while 10 years earlier such regeneration was very rare. In 1998 sycamore maple reproduction was quite abundant (over 1,200 seedlings/ha) while this species was absent 10 years earlier (Table 11 ). In the species composition of the upgrowth (above 50 cm in height) beech dominated in 1998 (8.8%). The beech upgrowth numbers increased from 430 to almost 1,300 saplings/ha during 1988-1998 (Table 11) .
Jawornik II
During the 10-year period, the numbers of the younger natural reproduction (up to 20 cm in height) of beech increased by almost 38 times (from 300 to 11,300 seedlings/ha), while those of the older natural reproduction (21-50 cm in height) from 40 to 1,930 seedlings/ha. The numbers of the younger natural reproduction of sycamore maple increased 4 times (from more than 200 to about 930 seedlings/ha) (Table 11 ). Fir natural reproduction was scarce and occurred in the younger class only (about 60 seedlings/ha in 1988 and over 210 seedlings/ha in 1998).
Total numbers of beech upgrowth were small, and they decreased from more than 520 to about 480 saplings/ha over the l0-year period of time (Table 11) .
Tworylczyk
During the 10-year period the numbers of the younger natural reproduction (up to 20 cm in height) of beech considerably increased (from 160 to almost 24,700 seedlings/ha). The older natural reproduction of this species occurred only in 1998 (about 160 seedlings/ha) (Table 11). The numbers of the younger natural reproduction of fi r increased inconsiderably (from about 420 to over 560 seedlings/ha) ( Table 11 ). The upgrowth at the beginning of the study as well as at its end was composed of beech only, and it was not abundant (about 550 saplings/ha in 1988 and 500 saplings/ha in 1998).
DEVELOPMENTAL STAGES AND PHASES
Jawornik I
Openings in the stand canopy (Fig. 4) , large volume of dead standing (101 m 3 /ha) ( Table 9 ) and lying on the ground (over 205 m 3 /ha) (Table 8 ) trees, domination of trees of the growing up generation (54.1%) (Table 12 ) and distinct storeyed structure (Table 7) indicated that in 1988 this stand was in the break-up stage, phase of selection forest or storeyed structure.
During the control period, however, the stand volume distinctly increased (from 547 to 578 m 3 /ha), relatively large increment was produced (8.85 m 3 /ha per year) (JAWORSKI, KOŁODZIEJ 2002), volume of dead lying trees increased only by about 21 m 3 /ha (Table 8) , and volume of dead standing trees decreased by about 38 m 3 /ha (Table 9 ). The numbers of trees in the lower and middle layers also increased ( Table 7) . The changes that took place allow to conclude that this stand entered the growing up stage. It is supposed that the transition of the break-up stage into the growing up stage could take place even before the beginning of this study, thus in Jawornik I stand the initial period of the growing up stage began before 1988.
Jawornik II
A distinct domination of trees in the highest storey in 1988 (76.2%) (Table 7) indicated the optimum stage at the beginning of the control period while openings in the stand canopy and groups of regeneration signalled the ageing phase. A decrease in the stand volume from almost 632 to 600 m 3 /ha during 10 years confi rmed the developmental tendency of this stand determined in 1988 (Table 4) . Besides, the following phenomena point to the optimum stage and ageing phase: . . -dominant proportion of trees with optimal growth (Table 12), -decreasing number of trees (from 160 to 158 trees/ha) (Table 4) (Table 8) .
Tworylczyk
In 1988 /ha in 1998) can indicate a stagnation in the development dynamics of this stand. The following phenomena point to the growing up stage and storeyed phase: -storeyed stand structure (Fig. 6, Table 7 ) and all-generation structure of age that is refl ected by the d 1.3 and height distributions (Figs. 2 and 3 ), -high value of d 1.3 coeffi cient of variation which increased from 0.71 to 0.73 during the 10-year period ( (Tables 8 and 9 ), -high percentage of trees in the growing up generation (Table 12) .
DISCUSSION
The species composition is a distinctive feature of the East Carpathian forest stands studied in the Bieszczady Mountains. Tworylczyk and Jawornik II stands represented a pure beech forest while Jawornik I stand had a 16.3% proportion of fi r in the species composition of the stand in 1998 that decreased by about 2% in relation to 1988 (Table 4) .
On all sample plots established in the Western Carpathians in the lower mountain forests of primeval character the Table 11 . Numbers and percentage of natural regeneration in sample plot areas in [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] Year Species KARCZMARSKI 1990b KARCZMARSKI , 1994 .
These changes were smaller in the Gorce Mts. (Ło-puszna reserve) ranging from 0 to 3.2% (JAWORSKI, SKRZYSZEWSKI 1995) . At the same time the percentage of beech increased. These processes caused a change in the species composition of the Carpathian forests.
The above data represent a period of time too short to draw fi nal conclusions on the causes of these changes. The process of the fi r retreat is connected with its mortality as well as with diffi culties of regeneration, caused, among other things, by a destruction of young natural reproduction and upgrowth by deer. Some authors (FABIJANOWSKI, JAWORSKI 1996) connect the high dynamics of beech with warming up of the climate that favours this tree species (FELBERMEIER 1994) . It should be supposed that further complex studies will allow to solve this problem.
The species composition distinguishes the investigated stands from the lower mountain primeval forests growing at similar sites in the Western Carpathians (Babia Góra Mt, Beskid Sądecki Mts. and Pieniny Mts.) where both beech and fi r dominate; their proportion in the stand volume ranges from 18% to 93% in the case of beech and from 8% to 54% in the case of fi r (JAWORSKI, KARCZMARSKI 1990a ,b, 1991 , 1994 . The stands of Babia Góra Mt also include spruce in their species composition (1-28%) (JA-WORSKI, KARCZMARSKI 1990a,b) . A higher percentage of spruce (9-54%) occurs in the lower mountain stands of the Gorce Mts. while the percentages of beech and fi r are 24-83% and 8-22%, respectively (JAWORSKI, SKRZYSZEWSKI 1995) .
The stands of the Bieszczady Mountains are very similar to the stands in Eastern Slovakia. In Stužica forest reserve, situated in the zone of beech and beech-fi r forests, the percentage of beech ranges from 70% to 99% while that of fi r from 0.5% to 30% (KORPEL' 1995 (Tables 5 and 6 ) and high quality class (I-II) . They are better in this respect than beeches from Babia Góra Mt and the Pieniny Mts. whose maximum heights are: 36.5 m (Orawski Chodnik) and 39 m (Gródek-Pieniny). Higher beech trees (41-42 m) grow in the Beskid Sądecki Mts. (Łabowiec Reserve) (JAWORSKI, KARCZMARSKI 1994) . In Slovak reserves Stužica and Havešová the largest beeches reach 40 and 49 m in height and 112 and 111 cm in d 1.3 , respectively (KORPEL' 1995) .
The investigated stands showed a very differentiated structure, from one-storey structure (Jawornik II) to manystoreyed and many-generation structure (Jawornik I and Tworylczyk). The differentiated structure of beech stands, including the selection forest structure, was indicated by studies carried out in other stands of primeval character in the Bieszczady Mts. .
The investigated beech stands Tworylczyk and Jawornik II had the lowest volume of dead standing trees (29 m 3 /ha and 12 m
